The Sanita-kun Aerobic Count consists of a transparent cover film, an adhesive sheet, a layer of nonwoven fabric, and a water-soluble compound film, including a culture medium formula for detection of aerobic microorganisms. The Sanita-kun sheet was validated for 14 food categories in an internal study and an independent study was conducted on ground beef and hot dogs. Both studies showed no significant difference in performance between 5 or 8 replicates of the Sanita-kun sheets and AOAC Method 966.23, excluding some lots of foods. The correlation coefficient to plate count agar in the internal accuracy study was 0.99. The average relative standard deviation for repeatability of total foods was 0.26 and 0.19, respectively, excluding <10 average counts. The ruggedness study, which examined the influence of incubation temperature and period, recommended incubation of the Sanita-kun sheet at 32.5 ± 2.5°C for 46 ± 2 h. Comparison of 3 lots of Sanita-kun sheets showed no decrease of performance in the older lot. The shelf-life of the sheet is at least 14 months. The Sanita-kun Aerobic Counts has been granted AOAC Performance Tested Method SM status.
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P erformance Tested Method
SM certification is a validation program administered by the AOAC Research Institute (AOAC RI). The goal of certification is to validate the performance claims of commercial test kits. Data supporting test kit performance claims, product literature, labels, manufacturing specifications, and QA/QC procedures are submitted by the kit manufacturer. A laboratory study is designed by AOAC RI and conducted at an independent facility. This report details the internal evaluation conducted by the manufacturer and the independent laboratory study of the Sanita-kun Aerobic Count (Chisso Corp., Tokyo, Japan) performed at Silliker Laboratory Corporate Research Center (South Holland, IL).
The total aerobic count indicates the level of microorganisms in food. The official standard method for determining total aerobic count uses plate count agar, which is prepared as follows: dissolve the powder of plate count agar medium, sterilize, cool, store at 45 ± 1°C, add to Petri dish, mix, and solidify. It is time-consuming and labor-intensive, and results in bulky waste. Sanita-kun (Figure 1 ), a ready-to-use sheet medium which features an easy test for food and environment is an easy swabbing test. It is quantitative, space saving, produces little waste, and was developed as an alternative to plate count agar.
The Sanita-kun Aerobic Count device is a cultural medium for the enumeration of aerobic bacteria. It consists of a nonwoven fabric on which a layer of microbial nutrients is deposited in a film. The nutrient film, consisting of a water-soluble polymer, contains nutrients for microorganisms and 2,3,5-triphenyltetrazolium chloride (TTC), which is reduced by bacterial metabolism to produce a visible red dye. The nonwoven fabric and nutrient film are constructed on a base film (Figure 2 ). The basic device (fabric, nutrient, and base film) is inserted between an adhesive backing to stabilize the basic device and a transparent film. The adhesive backing and the transparent top film serve to deter evaporation and facilitate inspection of the inoculated device.
Sample solutions containing bacteria are deposited on the fabric portion of the device. The sample solution then diffuses throughout the entire pad to dissolve and release the nutrient compound film, forming a highly viscous solution. Bacteria will not permeate into the nutrient film layer because of its high viscosity. During the assimilation process of the dissolved nutrient film and the nonwoven fabric, bacteria migrate to or near the surface of the fabric, where they metabolize the nutrients and TTC to produce a visible red dye after incubation (Figure 2 ).
METHOD

Media and Reagents
(a) Sanita-kun Aerobic Count plate.-Chisso Corp. (Tokyo, Japan).
(b) Butterfield's phosphate buffer (BPB).-Dissolve 34 g KH 2 PO 4 in 500 mL water, adjust pH to 7.2 with 1N NaOH KH 2 PO 4 34 g, and bring volume to 1000 mL with distilled water. Autoclave 15 min at 121°C. Dilute 1.25 mL of above solu-tion and bring volume to 1000 mL with distilled water. Autoclave 15 min at 121°C.
(c) Physiological saline.-Dissolved 9.0 g NaCl in 1000 mL water and autoclaved 15 min at 121°C. 
Apparatus
Sample Preparation
Portions of 50 or 25 g sample are added to a stomacher bag or blender cup; 450 or 225 mL BPB or sterile physiological saline is then added to the stomacher bag or blender cup and stomached or homogenized for 2 min. Sample homogenate is diluted with sterile physiological saline or BPB with decimal dilutions.
Analysis
Transparent cover film is opened, and 1 mL sample homogenate or dilutions (1:100, 1:1000, 1:10 000 is applied to the nonwoven fabric with pipet or equivalent. Transparent film is replaced to cover sample and will adhere to the sheet. The sheet is patted to ensure attachment; however, it should not be squeezed. The sheet is incubated for 46 ± 2 h at 32.5 ± 2.5°C. Red colonies are counted with a marking pen or colony counter. Used sheets are sterilized by autoclaving or boiling in hot water.
Reading and Interpreting Results
One red colony on the Sanita-kun sheet is counted as an aerobic colony. Colonies with a dim red color are also counted as aerobic colonies. When the number of red colonies is <300, one red colony is counted as 1 CFU. The CFU/g sample is determined by multiplying colonies by the dilution number. When the number of colonies is between 300 and 1000, colonies can be counted in the entire area or just one part.
Internal Laboratory Study
Precision
(a) Repeatability.-Several lots of 14 food types (frozen or raw pork, cabbage, roast pork, frozen or raw shrimp, ice cream, fried egg, red pepper, buckwheat flour, raisins, udon noodles, peanut butter, milk chocolate chips, dry cat food, and frozen pizza) were obtained at local retail markets. The contamination level of each sample was determined by AOAC Official Method 966.23. Several lots of each food type were mixed to prepare 4 target levels (<10, 10-25, ca 100, and ca 250 CFU/mL). Each subsample (50 g) was homogenized with 450 mL sterile physiological saline and diluted with sterile physiological saline. Portions (1 mL) of homogenates were inoculated to duplicate Sanita-kun and incubated at 35°C for 48 h. Red colonies formed on the sheets were counted, and standard deviations were calculated among 5 subsamples.
(b) Accuracy.-At least 3 lots each of 16 foods in 14 categories (frozen or) raw pork, cabbage, roast pork, frozen and raw shrimp, ice cream, shelled eggs, red pepper, oregano, buckwheat flour, raisins, udon noodles, peanut butter, milk chocolate chips, dry cat food, frozen pizza, and frozen gyoza meat dumpling were obtained at local retail markets. Each 50 g sample was homogenized with 450 mL BPB according to AOAC Official Method 966.23 except for shelled eggs, which were prepared according to AOAC Official Method 940.37. Sample dilutions (1:100, 1:1000, 1:10 000) were prepared with sterile physiological saline. Samples of 1 mL homogenate and dilutions were plated on 5 replicates of Sanita-kun sheets according to package instruction, and with plate count agar according to Method 966.23. After incubation at 35°C for 48 h, colonies formed on the plates, and Sanita-kun sheets were counted.
(c) Ruggedness.-In a comparison of 24 and 48 h incubation times, each 50 g sample was homogenized with 450 mL BPB according to AOAC Official Method 966.23 except shelled eggs, which were prepared according to AOAC Official Method 940.37. Sample dilutions (1:100, 1:1000, 1:10 000) were prepared by adding sterile physiological saline. Portions (1 mL) of sample homogenate and dilutions were applied on 5 replicate Sanita-kun sheets and incubated at 35°C for 24 h. Colonies were counted after incubation. The Sanita-kun sheets were then incubated again at 35°C for 24 h, totaling 48 h. Colonies were counted again.
In an experiment to determine the effect of incubation temperature and time, each 50 g sample was added to a stomacher bag. To each bag, 450 mL sterile physiological saline was added, and the bag was stomached for 2 min. Sample dilutions (1:100, 1:1000, 1:10 000) were prepared by adding sterile physiological saline. Portions (1 mL) of sample homogenate and di- trypticase soy agar incubated at 35°C for 24 h. The strain was held at 4°C until viable plate counts were determined. A portion of the appropriate culture dilution was inoculated into the foods to prepare the target level sample considering indigenous populations.
(b) Food.-Ground beef and hot dogs, purchased from local grocery stores, were used.
(c) Procedure.-Each 25 g of inoculated or uninoculated sample was added to 400 mL stomacher bags; 225 mL BPB was added to each stomacher bag and samples were stomached for 2 min. Sample dilutions (1:100, 1:1000, 1:10 000) were prepared by adding BPB. Sample homogenate and dilutions were plated on 8 replicates of Sanita-kun according to package instruction and with plate count agar according to AOAC Official Method 966.23.
(d) Statistical analyses.-The difference of mean aerobic plate counts was compared by using the t-test, and the difference of standard deviation was compared with the F-ratio test.
Results
Internal Laboratory Study
(a) Repeatability.-The average counts and the relative standard deviations for repeatability (RSD r ) of 5 replicates (5 subsamples) of 4 target contamination levels (<10, 10-25, about 100, about 250 CFU/mL) of 14 categories are shown in Table 1 . The contamination level, >100 CFU/mL, was not found in ice cream, raisins, and milk chocolate chips. In peanut butter, even >10 CFU/mL level contamination was not found. In all foods, the RSD r in higher contamination levels was relatively small, and large RSD r values were observed in contamination levels <10 CFU/mL. The average RSD r values of frozen or raw pork, cabbage, roast pork, frozen or raw shrimp, ice cream, fried egg, red pepper, buckwheat flour, raisins, udon noodles, peanut butter, milk chocolate chips, dry cat food, and frozen pizza were 0.17 (0. (b) Accuracy.-Most aerobic plate counts (APCs) of foods with Sanita-kun and plate count agar were similar (Table 2). The APCs for one lot each of frozen pork, cabbage, shelled eggs, and udon noodles and one set of 3 lots of frozen shrimp were significantly lower (p < 0.01) with Sanita-kun than with plate count agar, and one lot each of raw pork, frozen shrimp, and frozen pizza was significantly lower (p < 0.05). The APCs for 2 lots of frozen pork and frozen pizza were significantly higher (p < 0.05 and p < 0.01, respectively) with Sanita-kun than with plate count agar.
The log 10 APC results of both Sanita-kun sheets and plate count agar were plotted on logarithmic paper. The regression analysis is shown in Figure 3 The average RSD r values of total foods were 0.18 (Sanita-kun sheets) and 0.21 (plate count agar). Significant difference of the RSD r between Sanita-kun sheets and plate count agar was observed in some foods. The RSD r values of one lot each of cabbage and raisins were significantly higher (p < 0.01) with Sanita-kun sheets than with plate count agar. For one lot of frozen shrimp, the RSD r for the Sanita-kun sheets was significantly lower (p < 0.01).
(c) Ruggedness.-In many foods, the APC between 24 and 48 h incubation was similar (Table 3) . For pork, cabbage, shrimp, and udon noodles, the APCs at 24 h incubation were lower than those at 48 h by approximately one-half.
In all foods, no significant differences of APCs between 44 and 45 h and 48 h incubation at 32.5 and 35°C were observed. For raw pork, buckwheat flour, and dry cat food, no significant differences of APCs between 24 and 48 h incubation at 35°C were observed (Table 4) . No significant differences were observed between 32.5 and 35°C incubation, except for cabbage, frozen shrimp, and fried egg. The APCs of cabbage, frozen shrimp, and fried egg at 32.5°C were signifi- cantly higher than at 35°C. The APCs at 30°C incubation were significantly higher than those at 35°C incubation except for roast pork, buckwheat flour, and dry cat food; no significant differences were seen between 30 and 32.5°C incubation except for udon noodles and fried egg. The APCs at 37°C incubation were significantly lower than those at 35°C, except for frozen pizza, buckwheat flour, and dry cat food. From these results (Tables 4-6 ) we can recommend incubation at 32.5°C with ±2.5°C allowance, for 46 h with ±2 h allowance.
(d) Limit of quantitation.-On nearly 1 CFU/mL, the average counts of 10 replicate Sanita-kun sheets were 1.0-2.2 and the RSD r values were 0.56-1.30 (Table 7) .
Lot-to-lot study.-In all tested foods, APCs were similar for the 3 lots of Sanita-kun sheets. RSD r values ranged from 0.03 (fried egg) to 0.20 (frozen shrimp) as shown in Table 8 . The average RSD r was calculated as 0.13. A performance decrease in the older lot of Sanita-kun sheets was not recognized and the shelf-life of the sheet was suggested to be at least 14 months.
Independent Laboratory Study
When the target level was <10 CFU/g, all samples were <10 CFU/g by Sanita-kun sheets, and all samples except one were <10 CFU/g by the AOAC Official Method. In ground beef, no significant difference was observed among the APCs of the AOAC Method and 20 and 48 h incubation of Sanita-kun sheets. In the target levels of 100-250 and 1000 CFU/g hot dogs, the APCs of Sanita-kun sheets were significantly higher (p < 0.05) than those of the AOAC Method (Table 9 ). In the average APC and RSD r of each target level of Sanita-kun sheets, no significant difference was observed between 20 and 48 h incubation. The analyst pointed out that the Sanita-kun sheets were easy to use and read.
Discussion
We did not detect aerobic microorganisms in food dyes (data not shown). Food dyes interrupted the color visualization of the colonies on the Sanita-kun sheets. Therefore, we withdrew food dyes from the claims of the food matrixes.
In the repeatability study, the average RSD r of fried egg was higher (0.57). This was caused by the low actual mean counts (1 and 2) in the lower 2 target levels (<10, 10-25).
In the accuracy study, the higher average RSD r values of milk chocolate and dry cat food by the Sanita-kun and plate count method were caused by low counts. The APCs of several lots were significantly higher or lower (p < 0.05 or p < 0.01) than those of the plate count agar. However, the difference was small; therefore, we believe there will be practically no problem in daily monitoring of such foods.
In the independent validation study, the analyst pointed out that the Sanita-kun sheets were easy to use and read. She also pointed out, however, that the colony was sometimes more diffuse, with string-like spreading at 48 h; therefore, colonies that had been counted as 2 at 20 h may have been counted as one at 48 h. However, she reported quite similar counts between 20 and 48 h (Table 9 ). In the independent validation study, BPB was used to prepare the homogenate and sample dilutions. We often observed spread colonies on the Sanita-kun sheets after 48 h incubation when buffers or solutions without 0.5-0.9% NaCl were used for sample preparation and dilution. Spread colonies were not observed on the sheets when buffers or solutions containing 0.5-0.9% NaCl were used.
We recognized increases in colonies on the Sanita-kun sheets at 48 h from 24 h incubation in several types of foods (Tables 3-6) . To obtain precise numbers of colonies on the Sanita-kun sheets, 48 h incubation is preferable. From results of further ruggedness study, we recommend incubation at 32.5 ± 2.5°C for 46 ± 2 h. The 24 h incubation is enough in a daily monitoring of food contamination except for udon noodles, because the differences of log 10 counts between 24 and 48 h incubation at 32.5°C was within 1.
Sanita-kun Aerobic Counts sheets contain TTC as growth indicator; the Petri-film AC plate also uses the same indicator. The performance of Sanita-kun Aerobic Counts and the Petri-film AC plate was compared on about 300 foods (data not shown). The APCs of both methods were similar and the correlation coefficient (r 2 ) was calculated as 0.99. At times, degradation of the Petri-film AC plate and liquefaction of the gel by bacteria and diffused colonies were observed. The degradation of water-soluble polymer or the nonwoven fabric in the Sanita-kun sheets was never observed.
Sanita-kun sheets are not required for laborious medium preparation, and the sheets have the advantages of being space saving and causing small waste when compared with conventional agar medium. The Sanita-kun aerobic count was similar to that with plate count agar. We believe that the Sanita-kun sheets provide an alternative method to plate count agar. The Sanita-kun Aerobic Counts has been granted AOAC Performance Tested Method SM status.
